Abstract: This paper investigates the applicability of contemporary firm-level innovation concepts to a developing country context by drawing on the results of a survey of Malaysian manufacturing and service establishments. We build on Keith Pavitt's 'technology trajectories' framework to empirically test the effect of firms' structure, strategy, resources, and environment on the probability of their product, process, and organisational innovations across various sectors. We find that Malaysian firms possess relatively high process and organisational innovation capabilities, but lag in new product development. Further, they more frequently utilise a variety of 'soft factors' like employee training, knowledge management practices, and collaboration with market actors as inputs to innovation rather than formal R&D. We conclude by discussing the implications of our findings about Malaysian firms' technology trajectories to innovation policy in that country.
Introduction
It is increasingly recognised that the competitive advantage of firms, regions and nations is derived not so much from their size, labour or capital assets per se but from their ability to combine these factors to produce innovations. Developed economies have evolved knowledge-based systems, organisations and practices that foster the continuous creation of new products, processes and services (OECD, 1997) . As developing countries seek to catch up, going beyond routine production and strengthening their own knowledge bases for innovation has become a prime concern of public policy. This paper considers the case of Malaysia, and draws on a survey of knowledge content in that country's firms to understand innovation in a developing country context. Malaysia has transformed itself over the last three decades from a country mainly dependent on plantation-type agricultural products to a modern, multi-sector economy. While resource-based industries such as wood and rubber products manufacturing were prominent in the country's industrialisation drive in the 1970s, processing and assembly-type industries, led by electrical appliances and electronics, have propelled export-oriented growth in recent times. The government of Malaysia now seeks a further transition from an economy based on commodity and industrial production to a knowledge-based economy (Mani, 2001; Evers, 2003) .
A series of innovation policy initiatives have been sponsored in Malaysia by the government (Economic Planning Unit, 2001a) . For example, in 1996, the government initiated the development of a Multimedia Super Corridor to provide 'world-class' information and communications technology facilities for high technology development (Multimedia Development Corporation, 2005) . Additionally, an official 'knowledge-based economy master plan' has been published which articulates the country's desire to move its economic base further up the knowledge ladder -from labour-intensive manufacturing to skill-intensive tasks and new product development (ISIS, 2002) .
If such innovation policy efforts are to bear fruit, they need to be based on an understanding of the capabilities, strengths, and shortcomings of Malaysian firms and the knowledge opportunities associated with various industry sectors. However, until recently, there was little systematic information on the knowledge practices and innovation performance of Malaysian industry at the firm and sector levels. To remedy this, the Malaysian government and the United Nations Development Programme As part of this study, a comprehensive survey -the Malaysian Knowledge Content Survey -was implemented in 2003 by EPU and the Malaysian Department of Statistics in collaboration with Georgia Tech. The survey covered a representative sample of more than 1800 private-sector establishments in both manufacturing and services sectors. Here, we draw on the results of the survey to investigate determinants of product, process and organisational innovations among Malaysian firms. Further, we seek to understand the generation of new ideas as a process shaped by differences in the technological opportunities available to firms in different industrial sectors.
Given the sparseness of innovation-related studies in developing economies, our effort is largely exploratory. Still, to situate our work in the larger body of innovation literature, the next section reviews key studies, and develops hypotheses regarding the influence of various firm-level attributes on innovation. The same section explains Pavitt's taxonomy of 'technology trajectories', our extensions to this scheme, and its role in providing us sectoral expectations. The data and variables we use are described in Section 3. Section 4 employs logistic regressions to estimate the impact of various explanatory variables on firm-level product, process and organisational innovation. We then enhance the model to account for the influence of sector technology trajectories on innovation. Section 5 concludes by summarising our findings for Malaysia and discussing implications for innovation-policy in that country. Schumpeter (1934) distinguished between invention, the generation of new knowledge, and innovation, the entire process through which new knowledge is generated and diffused into the market. Innovation is hence a broader concept that is seeded by invention and dispersed by successful commercialisation. The OECD's Oslo Manual -one of the most widely-used international reference guides to innovation data collection and measurement -distinguishes between two major categories of technological innovation: product innovation in goods or services (including both technologically new products and technologically improved products) and process innovation (technologically new or significantly improved production and delivery methods). OECD also recognises 'non-technological' innovations, including the introduction of changes in organisational structure or the implementation of new managerial techniques (OECD, 1997) . It is recognised that innovation has multiple aspects (e.g., product vs. process, radical vs. incremental, and technological vs. nontechnological) and that firms can pursue innovation in different ways, depending on their industrial context, internal capabilities, competitive strategy, and risk tolerance. Thus, while new products can provide innovating firms with first-mover advantages and the ability to charge premium prices, process innovations can return efficiency savings, improved quality and faster delivery. The success of Japanese automobile firms during the late 20th century was significantly derived from process innovations (Tidd et al., 2001) . Organisational innovations have fuelled the growth and competitiveness of numerous US service-sector corporations.
Innovation determinants and sector technology trajectories
In this paper, we are particularly interested in analysing knowledge and other factors that are influential in determining the innovation strategies of enterprises in Malaysia. Compared with advanced OCED economies, we recognise that Malaysia differs by level of overall economic development and in terms of the development of its innovation system. With a gross domestic product (GDP) per capita (adjusted for purchasing power parity) of $9,120 in 2002, Malaysia places towards the top of the group of countries classed as achieving 'medium human development ' (UNDP, 2004 ). Malaysia's gross expenditure on R&D was 0.69% in 2002 (MASTIC, 2004) -this was about 35% of the equivalent European Union level (15 member states as of 2002) and one quarter of that for the USA. Not surprisingly, Malaysia significantly lags advanced OECD economies by related R&D performance measures normalised on a per capita basis, such as researchers in R&D, scientific publications, and patents granted to residents. However, Malaysia performs well in other areas related to innovation, for example in the deployment of information and communications technology. In 2002, Malaysia had the same level of cell phone subscribers as Canada (377 per 1,000 people) and a slightly higher level of internet adoption (320 internet users per 1,000 people) than France (314 internet users per 1,000 people) (UNDP, 2004) . Additionally, Malaysia has developed a large high-technology manufacturing sector, attracting significant multinational corporate investments in production and assembly facilities as well as growing clusters of locally-owned assemblers and sub-contractors. In 2004, Malaysia ranked as the world's fifth largest exporter of electrical and electronic equipment and parts (UN Comtrade, 2005) . To maintain this position in a very competitive sector, one would expect there to be great pressure on Malaysian-based producers to implement continuous improvements in process technologies, quality, material flows and other aspects of manufacturing.
While formal R&D is rather weak in developing countries, innovations typically use other inputs including tacit, informal or external sources of knowledge to introduce product, process, organisational and managerial advances (Jaramillo et al., 2001 ). We anticipate this will also be the case in Malaysia. There is a diverse mix of enterprises in Malaysia by size, domestic and foreign ownership and market orientation (e.g., high-technology export, traditional local manufacturing, and varied producer and consumer services). We thus expect that attention to innovation and the form that innovation takes (in terms of new products, processes, or routines) will be conditioned by characteristics of firms, the ways in which they acquire and deploy knowledge, and the technological trajectories of the sectors within which they operate. We are hence interested in the impact of variables such as firm size, R&D expenditures, human capital stocks, training, information technology adoption, use of knowledge management practices, collaboration with other external organisations, and export orientation on innovation moderated by industry sector conditions. The following paragraphs briefly review literature on effects of these variables and develop hypotheses that we expect will apply in the Malaysian case.
Firm size
The relationship between firm size and innovation has generated a large volume of literature, but the debate about the relative advantages of large vs. small firms in innovation is anything but settled. In his early work, Schumpeter advanced a model of innovation as a highly competitive process of creative destruction where small and dynamic new firms displaced larger incumbent firms at the frontiers of technology. However, in his later work, Schumpeter (1942) envisioned a dominant role for large firms which continuously innovate, drawing from their pool of cumulative knowledge and acquired technological capabilities over time (creative accumulation).
Arguments that large firms are more innovative and successful in innovation refer to the economies of scale and scope associated with R&D investments. Large firms also have superior access to finance and ability to spread risk in diverse portfolios (Holmstrom, 1989) . Other supporting functions to develop and commercialise innovations are better developed in the large firms (Cohen et al., 1987) . However, recent empirical studies show that the number of innovations per dollar of R&D is inversely related to firm size, and that the contribution of smaller firms to innovations is often understated (Acs and Audretsch, 1988; Cohen and Klepper, 1996) . Small firms are also more efficient in their use of capital and labour resources in producing innovation (Acs and Audretsch, 1991) . Nelson and Winter (1982) argued that both possibilities can be true depending on the mix of factors specific to the industries in which firms operate. Pavitt's framework (discussed below) expects small firms to play a dominant role in the supplier-dominated and specialised-supplier industries. Since small and medium-sized firms in developing countries lack the access to capital and willingness to risk entry into new-product markets (as compared to their developed country counterparts) we hypothesise that large firms in Malaysia enjoy an advantage in innovation, with the extent of advantage determined by the firm's industry sector (or technology class).
Research and development
The link between firm size and innovation efficiency is mostly based on the relationship between R&D inputs and outputs. Pakes and Griliches (1984) propose a 'knowledge production function' to formally estimate the dependence between knowledge outputs and knowledge inputs. Since outputs of innovation activity are not directly observable, they use the count of patents assigned to firms as a proxy for knowledge capital and find that cumulated values of R&D investments are directly and significantly associated with patents. In recent work, Crépon et al. (1998) confirmed the results of Pakes and Griliches, but also showed that the probability of performing R&D is a function of several previously omitted factors like a firm's size, market share and diversification, and other external factors like demand pull and technology push.
As already noted, Malaysia's R&D expenditure as a share of GDP is modest. Nonetheless, there is an R&D infrastructure and measurable financial resources are allocated to R&D. Malaysia's national expenditures on research and development totalled $658 million in 2002, of which 65% was invested by private enterprises (MASTIC, 2004) . By sectoral orientation, Malaysia's three leading targets for R&D were: manufacturing; information and communications services; and natural sciences, technologies and engineering. Probing the relationship between R&D expenditure and innovation at the enterprise and sector level is thus appropriate, although we do not expect that all types of innovation will be similarly influenced by formal R&D activities.
We hypothesise that the presence of a formal R&D function is positively related to innovation, but that formal R&D plays a more significant role in product innovations than in process and organisational innovations. However, while R&D investment is a good estimator of innovation in developed economies, studies of developing countries find only a weak association between R&D expenditure and innovation. This may be because in developing countries, industrial innovation is often highly informal; even when firms innovate, R&D activities are not clearly and formally articulated with the enterprise strategy and accounting procedures (Arocena and Sutz, 2000) . Consequently, we expect that relationships between R&D and innovation in Malaysia may not be particularly strong and will vary by sector, with the strongest links found among specialised-suppliers, science-based manufacturers and information intensive services. However, in addition to being an input to innovation directly, R&D also improves firms' 'absorptive capacity', or their ability to benefit from spillovers from rival firms (Cohen and Levinthal, 1989) . R&D carried out with the latter objective is associated with long-term innovation impacts and its effects are hard to capture with a cross-sectional analysis such as ours.
Human capital
A chief characteristic of the knowledge-based economy is the high demand for skilled technical workers who can be identified as performing knowledge-rich jobs (OECD, 2001) . Highly qualified workers add great value to any firm and acquire significant weight in the intangible assets measurement literature (Sveiby, 1997) . Cervantes (1999) examined the education and skill qualification needed for different types of jobs, and identified science and technology personnel as highly educated and more likely to be employed in occupations requiring at least a first university degree. Miller and Friesen (1984) find that the use of technically-trained people increases the production of innovative ideas. In developing countries, there is typically a lack of skilled personnel and a significant reliance on foreign professionals and technicians. Malaysia exhibits these characteristics, although with some variations. Interestingly, Malaysia spends a greater share (7.9%, 1999-2001) of its GDP on education than most advanced OECD countries (UNDP, 2004) . Nonetheless, human capital levels lag. In 2000, about 27% of Malaysia's labour force had just a primary school level of attainment, 59% had completed lower or middle secondary school, and only 14% had a tertiary level of educational achievement (Economic Planning Unit, 2001b, Table 5-1) . Currently, about one-quarter of Malaysians aged 20-24 years enrol in tertiary education (about one-half the level of South Korea and less than one third that of the USA). Available data suggest that Malaysia has about 500 scientists and engineers per one million people -more than three times the level of India, but only one-fifth of the level in the UK and one-eight of the level in the USA (Economic Planning Unit, 2001b, Table 5-3). As Malaysia's economy has developed, it has imported skilled foreign professionals as well as unskilled foreign manual labourers to fill gaps in labour supply. Some estimates suggest that foreign workers (including many who have entered the country illegally) comprise about one quarter of Malaysia's work force (cited in Fuller, 2005) .
In our study, we focus on the implications for innovation in Malaysian enterprises of two aspects of human capital -employees with qualifications in science and engineering, and on-the-job training. The first is a measure of technological human capital stocks. As discussed above, the pool of workers in Malaysia with qualifications in science and engineering is relatively small. We expect that the available supply will be distributed unevenly across enterprises and sectors in Malaysia. Many traditional small manufacturing enterprises compete solely on the basis of low-cost and routine production, and in such companies we expect to find few scientists and engineers employed and little in the way of innovation, particularly product innovation. Other companies -those which are larger and producing more complex products -will likely employ scientists and engineers. Such firms may substitute low spending on formal R&D with a greater reliance on scientists and engineers, both domestic and foreign-born.
We hence suppose that when controlling for R&D expenditures, the proportion of personnel with science and engineering degrees is positively associated with innovations in manufacturing. We also expect the employment of scientists and engineers to play a role in predicting innovation in the service-based industries.
The second aspect of human capital that we will probe is employer-provided training. This is a flow measure that incorporates training for all classes of employees, including professional, technical, administrative and manual workers. In Malaysia, as elsewhere, companies can run their own internal training programs or draw on external resources. Malaysia has an established infrastructure for industrial training, which includes a Human Resources Development Fund (started in 1993) which provides participating manufacturers with funds to subsidise workforce training, retraining and skills upgrading. Many other public and private professional and vocational training programs are available to employers in Malaysia, while companies (particularly branches of multinationals) may also use foreign trainers. A review of the extensive literature on training confirms that the continuous upgrading of skills is essential to sustaining a high-quality workforce able to adapt to changing market demands and to ensure that innovations can be effectively introduced and implemented. For example, Hage and Aiken (1967) , and Dewar and Dutton (1986) have shown that knowledge depth, as measured by the extent of training, is positively related to innovation. Swan and Newell (1995) also found that on-the-job training is positively associated with process innovations. We expect that the position in Malaysia will parallel findings in other locations. In other words, we expect training to positively influence innovation, particularly process and organisational improvements.
Information technology adoption
Malaysia has made major investments in information and communications technologies (ICT) in recent years. As seen previously for cell phones and Internet use, on several national ICT indicators Malaysia has adoption rates that match or exceed levels found in advanced OECD economies. Prior studies indicate that the development and diffusion of ICT impacts innovation and productivity across a wide range of sectors (Brynjolfsson and Hitt, 2003) . ICT creates new needs and opportunities for innovation (Kremp and Mairesse, 2004) . Examples of the role of ICT in prompting innovation include: offering new or more compact design options for product innovation; facilitating process innovation through the automation of some tasks and the outsourcing of others; or stimulating changes in organisational structures as ICT is adopted. While computer usage is a widely used measure of information technology adoption, and since most firms report computer usage, we use a finer measure: the presence of internally and externally networked computers. The networking of computers facilitates the acquisition and sharing of information (for example, through the Internet and internal networks), the development of share knowledge databases, and task collaboration. In Malaysia, given the diversity of firms and sectors, we expect this measure to yield sufficient variation for us to expect a positive association between firms that have adopted networked computer technologies and innovation.
Collaboration with external sources
The role of external sources of knowledge assumes greater importance for small and developing country firms which may not have internal institutional arrangements to support the conduct of formal R&D (Becker and Dietz, 2004) . The Malaysian government has encouraged the development of university-industry partnerships and research projects, for example through the University-Industry Technology Advancement Programme (UNITAP), started in 1996. Malaysian universities have also established technology transfer and consultancy mechanisms to work with private companies. While recent literature focuses on the role of universities as external providers of research to firms, government organisations, customers and competitors can all contribute to enterprise innovation processes. Such collaborations can be fostered formally and informally through associations and organisations in regional industrial clusters. In Malaysia, an example is the Penang Skills Development Centre (PDSC), situated in the heart of the country's largest electronics manufacturing cluster. Although recognised for technical training (Best, 1999) , PDSC also fosters networking and informal knowledge sharing among firms in the region. For Malaysian firms who engage in collaboration and knowledge sharing with external sources, we expect to find a positive relationship with innovation, particularly for product innovation.
Knowledge management practices
A recent trend in organisations is to coordinate their tasks and activities by means of a formal knowledge management system (Boudreau, 2002) . Kremp and Mairesse (2004) analysed the results of the third French supplementary Community Innovation Survey. They report that the presence of knowledge management practices (such as promoting a culture of information and knowledge sharing, motivating employees and executives to remain with the firm, forging alliances and partnerships for knowledge acquisition and implementing written knowledge management rules) contributes significantly to innovative performance and productivity. In Malaysia, through the development of strategies and plans to promote a knowledge economy, there has been widespread media publicity about the importance of knowledge. Our study will pick up the extent to which enterprises themselves have adopted knowledge management practices. Where they have, we expect to find that presence of knowledge management practices will influence innovation, particularly organisational innovation.
Export orientation
In theory, exposure to international markets ought to encourage innovation by firms since meeting the highly competitive demands of global customers should prompt firms to make product and process improvements. Indeed, a study of Italian firms found that the export intensity of innovative firms is systematically higher than that of non-innovative firms (Basile, 2001 ). However, if firms base their export-competitiveness on cost, as developing country firms may be prone to do, export orientation might not prompt product innovation, although it may encourage process innovations targeted at reducing costs. Hence for Malaysian firms, we expect export intensity to be positively related to process and organisational innovations rather than product innovations.
Sectoral aspects of innovation
The impact on innovation of the enterprise-level factors surveyed above cannot be assessed without also considering industry-specific conditions. This is because sectors differ greatly in terms of their knowledge bases, learning processes and technological contexts (Malerba, 2002) . For example, compared with manufacturers, service sector firms vary in terms of their products and markets, skill requirements, production organisation and marketing and use of technology (OECD, 2000, p.30) . Innovations in services sectors unlike those in manufacturing, are often immaterial in nature, embody a high degree of customisation, and are closely related to the development of new processes. Additionally, the distinction between services and manufacturing masks the considerable heterogeneity among industries within these two broad categories.
To organise this heterogeneity in a manageable way, we apply an extended version of Keith Pavitt's 'technology trajectories' model. In his original model, Pavitt (1984) classified and aggregated industries based on differences in the sources of technology that they adopted, the users of the technology they developed, and the methods used by successful innovators to appropriate the benefits of their activities. Four broad classes were identified by Pavitt. First, supplier dominated firms (SD) are found mainly in traditional sectors of manufacturing like wood products and textiles. These firms are generally small with weak R&D and engineering capabilities. Technical change is affected by suppliers of machinery, equipment and other production inputs. The second class comprises scale intensive firms (SI), including producers of automobiles and large scale engineering products, as well as firms that extract and process bulk materials. The risk of adopting radical innovations makes changes in this class incremental and cumulative. Here, product and process innovations go hand and hand, sourced by internal engineering departments and experienced personnel. The third group of specialised suppliers (SS) encompasses small firms that provide high-technology inputs in the form of machinery, components, instruments or software. These firms are found in the machinery and instrumental engineering industry. They produce a high proportion of their own process technologies but the focus of their activity is innovative new products for use in other sectors. Finally, Pavitt's fourth class was science-based firms (SB), including those belonging to the chemical, pharmaceutical and electronic sectors. Firms in this class are involved in fundamental discoveries and contribute to emerging markets. A major source of technology is internal R&D and they work closely with academic inventors.
Pavitt's model is rooted in evolutionary economic theory and allows us to form testable expectations about the innovation characteristics of firms, given their broad technology class or sector. Pavitt's method of sectoral classification was validated using a database of about 2000 significant innovations in Britain since 1945. Innovation scholars have adapted this taxonomy to test patterns of technological activity on various countrylevel data, and report results consistent with the models' expectations (for applications in the Italian, Greek, and Scotland/Northern England contexts, see Archibugi et al., 1991; Souitaris, 2002; Freel, 2003) . Tidd et al. (2001) added information-intensive firms (IIS) to accommodate sectors (telecommunications, information technology and other business services) that developed after Pavitt's initial classification. To this, we add a sixth class: primary-services (PS) to include other industries in the services sector (education, finance, transportation, tourism and health). Labour quality and productivity, mass customisation, flexibility and cost are determining factors of success in this class, and we expect firms to adopt a mixture of price and quality-based strategies. Also, they are likely to make organisational changes to adapt to changing customer and market demands.
A summary of the final technology sectoral classification, including composite industries, defining attributes, and likely innovation strategies, is provided in Table 1 . In this form, our assignment of industries to technology sector classes does not exactly correspond to Pavitt's. For example, the petroleum industry is 'scale-intensive' in Pavitt's model, but since the survey we use aggregates chemical and petroleum in a single sector, we included the industry in the 'science-based' category. Following a discussion of our dataset and the specification of the firm-level variables, we apply our extension of Pavitt's model of technology trajectories to introduce a sector-dimension to the analysis of innovation determinants in Malaysia. (Table 2 ). Supplier-dominated firms and primary services are the dominant technology classes, accounting for 55% of establishments and about half of the workforce. Science-based industries comprise less than 5% of the firms and employment. Establishments were further classified into three size classes: small (up to 99 employees); medium (between 100 and 499 employees); and large (500 or more employees). Some 58% of the establishments in our sample are small and 34% are of medium size, by employment. Large establishments are relatively more numerous in the scale-intensive and specialised-supplier classes. Descriptions of the variables used in our analysis are listed in Table 3 . All variables except the proportion of workforce with science and engineering degrees (SCI&ENG) and the mean percentage of sales derived from exports (EXPORT) are binary. Hence, the other variables can be interpreted as the probability of establishments engaging in the corresponding activity. We list the probability of establishments who have undertaken product innovation (PRODINN), process innovation (PROCIN) and organisational innovation (ORGINN). We see that supplier-dominated firms are limited in their innovative capabilities while scale intensive firms focus on improvements in their process technologies. Science-based establishments like chemical and pharmaceutical firms are distinguished by their high intensity of product innovation (29%). They are also more likely than other classes to employ a high proportion of scientists and engineers. The information intensive firms are similar to their counterparts in the science-based class in many ways. They develop and rapidly bring radically new services to market, i.e., they innovate in products. This descriptive exercise shows that the Malaysian industry classes map well along the lines of Pavitt's technology trajectories.
Determinants of innovation
Drawing on our analysis of data from the Malaysia Knowledge Content Survey, we model the impact of a series of variables hypothesised to be influential on the probability of product, process and organisational innovation. Our explanatory variables include formal R&D (R&D -captured by a binary variable set to '1' for respondents who reported expenditures on formal R&D during 2002), education of the workforce (SCI&ENG), collaboration with external sources (COLLAB), technology adoption as captured by the use of networked computers (TECHADOPT), export intensity (EXPORT), and the presence of knowledge management practices (KMGMT). In addition, we include firm ownership (FOREIGN is the binary variable that indicates if the firm is owned by a foreign entity), age of the firm (AGE), and the employment size category it belongs to (SIZECAT) as control variables. We first estimate baseline models in which product innovation, process innovation, and organisational innovation are each regressed on the explanatory variables. Next, to investigate whether the probability of the three types of innovation differs by technology class, as anticipated by Pavitt's model, we estimate models with technology class dummies. Finally, if industries that firms belong to shape their technology trajectories, firms in different technology classes should differ in the way they use the various explanatory variables to innovate. We test this by estimating models where the product, process and organisational innovation variables are regressed on the explanatory variables of the baseline model, in addition to technology class dummies and variables representing interactions between the two. This will help to understand how different industries mediate the impact of R&D, human capital, technology adoption, and other factors on innovation.
The baseline innovation model
The first set of innovation models test hypotheses regarding the impact of various inputs to innovation. Innovation, the outcome phenomenon of interest, can take the form of a new product, process or organisational improvement. Each is represented by a binary variable set to '1' if the firm reported the corresponding type of innovation. The probability of innovating along each of the three dimensions, given the explanatory variables, is then estimated using standard logistic regressions. The baseline model is estimated using a logistic regression and stated as: 
Estimates of coefficients are presented in the first three columns of Table 4 . All coefficients have the usual ceteris paribus interpretations. We find that R&D is most significantly and directly associated with product and process innovations. Training and the adoption of computer technologies are most significantly and positively associated with organisational innovations. Without controlling for technology class, human capital (as measured by the proportion of workers with science and technology degrees), knowledge management and collaboration are significantly and directly associated with all three types of innovation. Age has a negative impact on product innovations, while medium-sized firms innovate more than their larger counterparts. Reference group is supplier-dominated, small (<100 employees). Standard errors in brackets. *: significant at 10%; **: significant at 5%; ***: significant at 1%. 
Technology trajectories and innovation
Here we extend the baseline model by estimating the impact of various technology classes on innovation. We mark the supplier-dominated category as the reference group since it is the least innovative of all classes and has the greatest number of observations. From our priors, we expect scale-intensive firms to be more likely to process-innovate, and the two service sectors to be positively associated with organisational innovations. 
The last three columns of Table 4 present results of logistic regressions with product, process and organisational innovations as the dependent variable. The scale-intensive sector does not appear significantly different from the base class. Specialised-suppliers as well as science-based firms are associated with a greater likelihood of product innovations. Both the services sectors are significantly better predictors of organisational innovations. However, we fail to reject the 'null hypothesis' that firms across all technology classes are identical in their process-innovation propensities. The next set of estimations test for differences in the impact of various explanatory variables on innovation as a function of the technology class affiliation of firms. Since we found little evidence to distinguish the supplier-dominated and scale-intensive sectors, firms belonging to the two are now treated as belonging to one technology class. This reduces the number of technology classes to five. We now interact each of the explanatory variables with the five technology class dummies to test for differences in the effect of explanatory variables on different types of innovation. The model hence includes both the 'main' and 'interaction effects' of innovation determinant-variables and technology classes. This is written as: 
The corresponding logistic regression estimates are tabulated in Table 5 . Now, we see that performing formal R&D is not significantly associated with organisational innovation. However, the high magnitude of the coefficient on the interaction term of primary-services with R&D suggests that for firms in that sector, the performance of formal R&D is associated with organisational innovations. R&D also appears to be a less significant predictor of process innovations as compared to previous estimations. Other noteworthy results include: the high likelihood of firms who introduce product innovations in the information-intensive sector to engage in training, but more importantly, the significance of training as an input to process and organisational improvements across all technology classes. Large and medium-sized firms, but especially science-based, medium-sized firms appear most likely to be product innovators. We observe, contrary to expectation, that knowledge-management activities appear to hinder, rather than foster innovations among science-based firms, controlling for other factors. Possibly, some of these firms are using knowledge management practices for other reasons (perhaps to coordinate management information reports) rather than for supporting innovation. Age has a weakly significant negative relationship with innovation. 
Conclusions and implications
This paper hypothesised and tested the influence of various organisational factors on innovation in Malaysia. We distinguished between product, process and organisational innovations and found that Malaysian firms are relatively stronger in organisational and process innovations. Capabilities like technological acquisition, reverse engineering and industrial design -as pointed out by an anonymous referee -are particularly important for developing country firms during their catch-up phase. The nature of our data however, does not allow us to draw inferences regarding activities that contribute to innovation via capability development.
We did not formally model interrelationships between product, process, and organisational innovation in this paper, although we recognise the possibility of simultaneity between these three innovation types. But we did find a dominance of process and organisational innovations, and a lack of formal R&D, in Malaysian firms. This is typical of developing country firms (Jaramillo et al., 2001) . Developing country firms tend to shy away from the risks associated with products that are new to the market and require substantial investments in formal R&D. Indeed, very few of the Malaysian firms undertook formal R&D. Yet, in firms where formal R&D occurred, its conduct was strongly associated with new products. Factors like training, knowledge management, and collaboration were directly associated with process and organisational innovations.
We also applied Pavitt's model of technology trajectories to classify firms from various industries into theoretically-ground 'technology trajectories'. We extended the model by distinguishing between the primary services sector (tourism, education, health, transportation and finance services) and the information intensive service sector (telecommunication, information technology and business consultancy services). Our results did not highlight strong differences between supplier-dominated and scale-intensive industries, nor between specialised-supplier and science-based firms. Rather, our analysis suggests that innovation in Malaysian enterprises is influenced by three distinct 'technology paths'. The supplier-dominated and scale-intensive firms form the bulk of the economy and have low intensities of product, process and organisational innovations. Specialised-supplier and science-based firms on the other hand, are the most innovative, and are associated with a high probability of product innovations. Service sector firms are characterised by a high probability of organisational innovations.
The supplier-dominated and scale-intensive classes account for 37% of the establishments in our dataset. However, they perform poorly in terms of value-added per employee. The establishments in these two groups account for 32% of employment, but only contribute 17% to total value added. Malaysia has a large weight of these firms in its economy, including many plants where developed-country corporations have shifted their least innovative activities and outsourced operations to secure low costs. There may be opportunities for policies in Malaysia to assist these firms in not only becoming even leaner, but also to promote process improvements and to upgrade workforce skills and the knowledge environment so as to encourage at least some of these facilities to pursue innovation strategies. However, over the longer-term, the strategic policy alternative may be to stimulate other sectors so that the weight of the supplier dominated and scale-intensive sectors in the economy is reduced.
Malaysia's specialised supplier firms are also not as innovative as their high export intensity (the firms derive 40% of their sales from exports) might suggest. Although they do innovate in products and perform formal R&D, firms in this class are only about 1.5 times more likely to invent a new product, as their supplier-dominated counterparts. While cost-based strategies might appear attractive in the short run, they are not entirely consistent with policies to enhance knowledge-based competitiveness. It will be a particular challenge and opportunity for Malaysian policy makers to investigate constraints to innovation in an important technology class that is associated with significant technological opportunities.
Science-based firms in Malaysia have the highest innovation intensity, and rank among the top on mean measures of technology adoption and training. These firms account for a mere 4% of employment while contributing 21% to overall value-added. The information-intensive services class reported the highest mean values of value-added per employee, and contributed slightly more than a fourth to overall value-added. Establishments in the science-based and information-intensive sector are among the most innovative enterprises and are also associated with the highest value-added. Growth in the number of science-based and information-intensive firms will improve the overall innovation performance of the Malaysian economy. Equally, a key challenge to innovation policy in Malaysia is to augment the innovation orientation and capabilities of firms in supplier-dominated, as well as in other manufacturing and services sectors of the economy. In addition to broad national innovation policies, consideration also needs to be given to enhancing policies and initiatives targeted to the particular innovation needs and opportunities of these sectors.
